based at Loughborough University in the UK says, "The argument that nitrogen deposition is low in the HBL may not be valid as long-term chronic nitrogen deposition on nutrient-poor ecosystems would have an effect but it would take a long time for it to become visible, perhaps as is seen in the data presented by Rühland. Moreover, the ice core record shows unambiguously that the northern hemisphere has experienced long-term increased N deposition." However, even assuming there are low levels of nitrogen reaching these lakes, Rühland et al. argue in their paper that it would not explain the changes they are observing as nitrogen is not limiting in this case.
Whether or not temperature or nutrients, or maybe both factors, explain the recent changes in the lakes of the HBL, there is a risk that the effects will travel up the food chain. Toke T. Høye, an ecologist at Aarhus University in Denmark studying the effect of climate change on species interactions said about the Rühland et al. findings, "The dramatic changes in the community of primary producers the authors document are likely to restructure the entire food web up to the top predators. As such, freshwater systems in the HBL may currently be undergoing changes beyond what the authors report for algal communities. We are currently observing such trophic restructuring in other parts of the Arctic." Indeed, in 2012, Høye and colleagues reported that a collapse of the Greenland lemming population, which has been attributed to deteriorating snow conditions, was accompanied by declines in the snowy owl and stoat, two predators that specialize on the lemmings (Proc. Biol. Sci. (2012) 279, 4417-4422) .
So it seems that the future does not look particularly bright for the HBL if warming proceeds unabated. Besides the likely widespread effects on local species, from the microscopic diatom to the prodigious polar bear, warming in the region also has the potential to exacerbate climate change itself due to the melting of permafrost and release of methane from its vast peatlands. Depressingly, the most recent findings suggest that no region, no matter how remote or insulated, will be completely immune to the effects of global warming. What attracted you to botany? I think my interest in botany stems from a passion for understanding how things work. A very early memory is my mother's expression of dismay when she found me sitting on the floor surrounded by dismantled components of the family telescope. I don't think she was impressed by my reductionist approach. Perhaps my inability to put the components back together so that they formed a working telescope is one reason why I gravitated towards cell physiological approaches rather than tossing the plant into liquid nitrogen and powderizing it with a mortar and pestle.
I went to University to study zoology but found that the flavour of biology that was taught in the Botany Department was what appealed. A significant strength of the St. Andrews Botany Department was in physiological plant ecology. I was greatly attracted to some of the big questions that were being thrown up at this time, such as how can some species tolerate saline environments while others perish. Another strength of the department was ecological genetics. Being exposed to this field gave me an appreciation of natural variability and the inherent plasticity of plant responses to changes in their environment. This subject still interests me.
Has your career followed a carefully planned path, or is it better characterized by a series of lucky breaks? A bit of both I hope, but I think that I have had perhaps more than my fair share of lucky breaks. After working with Bob Crawford on anoxia tolerance, I was looking for a post-doc position. It turned out that I was fortunate because, just at this time, Tony Trewavas in Edinburgh was getting into calcium signalling. I knew nothing about calcium signalling, but it was obvious to me that Tony was breaking completely new ground and this was going to be a great area. So I consider myself very lucky to have been his first post-doc in this area. It really was a tremendously exciting time. Tony and I worked together on experiments (and yes, I do mean worked together in the lab) and there was a great feeling of exploring completely new territory. It was great fun working with Tony. Edinburgh was (and still is) a great intellectual environment where not only were there some really cutting edge PIs, postdocs and grad students doing groundbreaking stuff, but there was also a stream of interesting people who passed through the department giving seminars or on sabbatical. The culture was very much characterised by sharp debate, challenge and a willingness to explore big ideas. I made some great friends at this time who are, perhaps unsurprisingly, still very active in plant science research and we are still in regular contact.
My next break was getting a lectureship at Lancaster. It was the first job that turned up and ever since its foundation in the 1960s the university had established, thanks to Professor Terry Mansfield, a very strong reputation in whole plant physiology and particularly in understanding how plants respond to changes in their environment. When I pitched up for interview I remember Terry asking me, (I paraphrase) "Is calcium going to be important in guard cells?". You will understand that there was only one answer to this question and it was "Yes, Professor Mansfield". Luckily for me this turned out to be true. But my real piece of good fortune was that Terry Mansfield, in an act of great scientific generosity, encouraged me to work on stomata. This turned out to be of key importance because, if one is interested in intracellular signalling, it is essential to work with a cell that generates a reliable and quantifiable readout (in the stomatal example, a change in pore aperture). One can then perturb the system using transgenic strategies or through pharmacological intervention and by measuring the effect on stomatal aperture gain insights into the operation of the underlying cellular machinery.
I have also been exceedingly lucky to have had a stream of outstanding graduate students and post-docs pass through my lab. Many of these now occupy faculty positions across the world and I take enormous pleasure in their success. If I said that working in my lab forces you to become an independent researcher, you will get a feel for my supervisory 'style'. I think that taking responsibility for one's research is an important part of the training of a successful researcher.
If you were to rewind the tape of your career back to the start and press the play button would you necessarily go down the plant biology route? No -when I was about 12 I wanted to be a pilot in the Royal Air Force. The school medical officer rapidly disabused me of that possibility after my uncertain responses to the Ishihara Colour Blindness test. So, unless some significant advances in gene therapy were to come to the market very soon, I am going to be land based -or expressed another way, less per ardua ad astra and more stuck on terra firma. However, I have absolutely no regrets about studying biology and working in a university. I really enjoy both teaching and research and continue to get a great buzz when something exciting happens in the lab or undergrads get fired up during a lecture and ask really great questions (it's good if I can answer some of them, too).
Any advice to early career scientists?
Yes, lots, I will spare them the hardlearnt lessons of what not to do; instead let's concentrate on the positive.
Find yourself a 'big question' to work on. Wanting to answer big questions tends to attract the best minds and indeed to attract researchers from different backgrounds and disciplines. Stomatal biology is certainly like this. It is populated by some very bright people whose interests extend from the molecular to climatic modelling. Not all these people agree with each other all of the time. However, the result is that stomatal biology is a vibrant and rapidly moving research area where the community is always keen to embrace new approaches and ideas.
Collaborate. I have been extremely fortunate in having great collaborators over the years. Collaborations increase your research stretch and allow you to do new things quickly without necessarily having to tool-up. In addition, the best collaborators also act as your 'critical friends' -people who will not be reticent when it comes to telling you that your latest great idea truly is a turkey.
Take sabbaticals and go to conferences outside your immediate area of interest. We all need to recharge our creative batteries from time to time. Earlier in the year I had a Visiting Fellowship at Magdalen College Oxford. In addition to giving me time and space to think, I met some fascinating academics from other fields. Wonderful, stimulating conversation over dinner is just the tonic to cure the jadedness that results from an over-indulgence in too much committee work. I have also just returned from a great meeting on the 'Biology of Boundaries', part of the Exciting Biologies series. The delegates ranged from clinicians to pure scientists and the organisms they worked on encompassed everything from bacteria to humans. Almost everything I heard was new, and I found myself getting sucked in to fields as diverse as wound healing, kidney function and the genetic basis of scoliosis. The debate and extent of camaraderie were excellent and I returned to give my first lecture to the undergraduates full of enthusiasm. So, staying fresh by exposing yourself to different fields is a useful exercise.
Which scientists have you admired and found influential? There are so many, but perhaps I will stick to the people who have made a very direct impact on my work or thinking. Let's start with Sir Francis Darwin. He was, of course, one of Charles Darwin's sons and was a very eminent plant physiologist in his own right. Among his interests were stomata, and in a landmark paper from 1898 in the Phil. Trans., he described stomatal responses to a range of environmental signals. He was also the first person to reason that one could use leaf temperature as a proxy for transpirational water loss and this is the basis of one of today's most popular screens for stomatal mutants.
I also continue to be impressed by many of the great German plant physiologists from the end of the nineteenth century and would recommend plant scientists to consult their work. Although I am unable to read the original papers, their work is available in translation through their truly magisterial textbooks: Haberlandt (Physiological Plant Anatomy), Pfeffer (The Physiology of Plants) and Sachs (On the Physiology of Plants). Because these scientists were superb anatomists and experimenters, these books are still treasure troves of phenomena that could be profitably re-investigated. More recently, two scientists I have always admired are Professors Enid MacRobbie and Klaus Rachke, both real titans in the field whose work is marked by great rigor and insight. Of their considerable output, I would pick two reviews as having been especially influential. Enid's review in the Phil. Trans. (1998) of the control of the ion fluxes that underlie stomatal movements is a landmark, and has influenced a generation of plant scientists, while Prof. Rachke's chapter in the Encyclopedia of Plant Physiology (Volume 7, 1979) on stomatal movement is as remarkable for its deep understanding of the system as it is for its prescience. I read these again and again.
Vacations, do you take them and if so where do you go and what do you read? Yes, I certainly do. We tend to go to the Orkney Islands or the north of Scotland. This year my wife and I went with two of our children (who are PhD students in plant sciences) and their partners to Scourie in the extreme northwest of Scotland and Ardgay on the river Carron on the East Coast. The walking was outstanding and I especially enjoyed visiting Amat Forest, which is a relic of the
